Abstract-In this paper, we propose a new image compression scheme that is based on the wavelet transform. The image is first divided into 64 x 64 pixels block. The progressive pixel-to-pixel evaluation is done to find the individual pixel intensity in each block. Then the different value between the maximum pixel intensity value and the minimum pixel intensity value is calculated. This value will lead to a special representation of each where the block with high difference value is set as the hard region block while the block with low difference value is set as the smooth region block. This region will be decomposed individually using Discrete Wavelet Transform (DWT) and thresholded using different threshold method based on the block characteristic. The proposed method shows compression did well on image with a large smooth area.
INTRODUCTION
In recent decades, the rapid development in multimedia world, digital images have been becoming increasingly important. Apparently, traversing images between sender and receiver need a complicated network protocol, image compression and rising concern on security problem. Many techniques have been developed to resolve these problems.
Compressing an image will reduces the amount of redundant data with the good quality of the reproduced image [1] . Compressing images also becomes an important task as to reduce storage space, transmission time, bandwidth utilization and to enable rapid browsing and retrieval of images from database [2] , [3] .
Recently, there are a great interest among researchers focusing on compression on various type of images. Some example for research done on standard image are [4] - [8] , medical images [3] , [9] - [12] and ECG signal [13] - [16] .
II. RELATED WORK

A. Concept of Wavelet Thresholding
Wavelet is a 'small' wave that zeroing the value outside the fixed interval time or space. It can be shifted or scaled to decompose a signal into different scales of resolution. In the wavelet transform, the noise energy is distribute in all wavelet coefficients, while the original signal energy is found in some of the coefficients. Therefore, the signal energy is found much larger than noise energy. So, small coefficients can be considered as caused by noise while large coefficients are triggered by significant signal features.
Based on this idea, thresholding process is proposed. Thresholding is a process of shrinking the small absolute coefficients value while retaining the large absolute coefficient value. It will produce finer reconstruct signal. Since this method is taking the condition that the amplitude of wavelet transform coefficients signals are much larger than noises, so the unconsidered noise will be removed while holding the significant signal.
Threshold also can be defined as the Peak Absolute Error (PAE) accepted for image reconstruction [8] . Hard and soft threshold are the common operator used in conjunction with DWT. Donoho is the person who first introducing the word 'de-noising' to explain the process of noise reduction in threshold [17] .
Donoho reveal the Donoho universal threshold that give the best estimation error in minimun sense. On the other hand, some noise and clean signal will be discarded by thresholding, producing some artifact.
B. Wavelet-Based Thresholding Methods
Transmission and acquisition of signal may introduce noise to signal. The linear processing such as Wiener filtering is the old-style method used to remove the noise. Wavelet thresholding founded by Donoho [17] proposing the non-linear technique which is proven to provide an effective method because it operate at one wavelet coefficient at one time.
To find the best threshold is hard because it requires the knowledge of original data. Beside the contemporary hard threshold, the soft-threshold can be used since it is closer to the optimum minimal rate and protect signal regularity beside reducing the gap between preserve and discarded coefficient for a better recovery [6] . Another solution is by using adaptive soft-threshold or fix the threshold for each wavelet sub-band.
[12] is using adaptive prediction technique in solving multicollonearity problem. Besides, he suggest to adjust predictor variable based on image properties so that more accurate prediction is archived.
Tree-Structured Edge-Directed Orthogonal Wavelet Packet Transform (TS-EDOWPT) proposed in [18] decompose image using edge-directed orthogonal and calculate the cost function. This technique improve the PSNR value and visual quality. Besides, trimming the structure into quad-tree may reduce the stain.
To get a better compression ratio, Morteza [19] recommending a technique that separating the Region of Interest (ROI) and Background (BG) using growing segment and then encode both of the segment using Contextual Quantization. Different weightage is used for different region, where higher rate for ROI and lower rate for BG.
Pogam in [20] give different view which combining the wavelet transform with curvelet transform and incorporating it with the local adaptive analysis thresholding. This technique contribute to an efficient denoising while pre-serving as much as possible the original quantitative and structural information and ROI of image.
Although the forgoing techniques can make an effective approximation of threshold value [21] , but there are still rooms for improvement. Targeting on this problems, this research is done to develop an efficient threshold prediction algorithm by using the wavelet features to produce an efficient compression algorithm that decreasing the image size without tolerating with the image quality.
III. PROPOSED METHODOLOGY
One of the key performance to effective wavelet reduction is based on the selection of its threshold(s) [22] . The remaining techniques doesn't consider the wavelet coefficient in the importance of signal where the threshold is apply generally to the whole coefficient without considering the complexity of the signal [23] .
So, in this paper we propose a method that can encode these coefficients effectively by proposing a different compression scheme based on image block characteristic, either smooth and hard region. It is a new approach that give an alternative to the traditional Region of Interest (ROI) and Region of Background (ROB) concept that widely been used previously. Probably this technique will decrease the image size without tolerating with the precision of image quality.
The concept of compression is accurately estimate a small number of approximation coefficients and some of the detail coefficient. The compression is rely on three basic steps:
a. Decomposition b. Thresholding the detail coefficients by using the thresholding algorithm. Basically the DWT use soft or hard thresholding. c. Reconstruction. In this work, firstly, the original image is divided to 64 x 64 pixels non-overlapping tiles block (as in Fig. 1 ). The reason why we split the image to 64x64 pixels block is to create a sufficient region for determining the texture of the region. We do some test on 32x32 and 128x128 pixels block. The 32x32 pixels block creating a very large number of block thus it increase the processing time. While image with 128x128 pixels block creating a very large region that covering a mixture of smooth and hard characteristic.
Secondly, the progressive pixel-to-pixel evaluation is done to find the individual pixel intensity in each block (as in Fig. 2) . The different value between the maximum pixel intensity and the minimum pixel intensity is calculated on each individual block (as in Fig. 3) .
As 128 is the middle value of image intensity (ranging from0 to 255) we set it as the benchmark value. The block with higher than 128 different intensity value is set as the hard intensity region block while the block with lower than 128 different intensity value is set as the smooth region block (as in Fig. 4 ). Region with pixels whose different intensity value is small (smooth region) can be describe as having similar intensity, while region with huge different intensity (hard region) can be describe as having contradict intensity. This region will be decomposed individually using Discrete Wavelet Transform (DWT) and thresholded using different threshold method based on the block representation. The smooth region is compressed using soft threshold to suppress the unwanted coefficients while the hard region is compressed using hard threshold to preserve the fine details and edges.
Finally, the coefficient is encoded by using entropy coder to produce the final encoded bit stream. 
IV. RESULT AND ANALYSIS
Experiment of the proposed methods are carried out on Matlab R2012a platform. The different standard test images are used, namely House, Cameraman, Lena, Barbara, Mandrill, Boat, Lake, Walkbridge and Hyderabad of size 512x512 (refer Fig 5) . Symlet 8 (Sym8) is fixed as the filter. The level of decomposition is set to 3 because the performance archive it's best at level 3 while level 4 and above the value is stagnant as at level 3. Table 1 shows the compression score and the L 2 recovery of the sample images. Compression ratio express the ratio of thresholded wavelet coefficient to zero compared to the total number of wavelet coefficients and it is expressed in percentage. As for example, a signal with 100 value of coefficient with 80 value of it is thresholded to zero, the compression score is 80%. Meaning that, if the compression score is nearly 100, it means that virtually all the thresholded wavelet coefficients are zero. Higher compression score also mean that the reconstructed image can be built with a very sparse set of wavelet coefficient.
While L 2 recovery give the ratio of the L 2 norm squared of the thresholded wavelet coefficients to the L 2 norm squared of the original wavelet coefficients expressed in percentage. If this number is close to 100, this means that the energy of the compressed image is nearly close to the original one.
In conjunction, if both compression score and L 2 recovery is close to 100, this means that a few coefficients is needed to reconstruct the image without degrading the image quality.
The nine sample images used in the experiment are actually representing 3 different image characteristic. House, Cameraman and Lena are categorized as having large area of smooth region. While Barbara, Mandrill and Boat are having a large area with fine edges. Whereas Lake, Walk Bridge and Hyderabad are having a very high fine details. The example of smooth, edge and detail characteristic can be seen as in The presence of low fine edges and details (smooth region) and high fine edges and details (hard region) do give a very significant impact on the compression score of an image. This is because the soft thresholding process done at smooth region can suppress a large amount the unwanted coefficients without degrading the image quality while hard threshold that implemented at hard region just suppress a bit coefficients to preserve the fine details and edges. Table 1 clearly show that House image that having a large smooth region get the highest compression score. While Hyderabad with high details region get the lowest compression score. This lead to a conclusion that the performance of compression score is merely depend on the presence of smooth and hard region in an image.
V. CONCLUSION
According to the experiment done, we can see that images with large smooth region will get a better compression score compared to image containing large area of hard region. The idea of splitting the image into 64x64 pixels non-overlapping block will give an opportunity to each individual block to be process using different thresholding method that will contribute to a greater compression ratio. Our futher work will consist of comparing our proposed method with the existing compression algorithm.
